ABSTRACT
INTRODUCTION
Proteomics is large-scale study of all proteins expressed in a cell, tissue, organ, or the whole organism. It gives rise to a need for some efficient systems to retrieve, correlate and analyze large datasets. However, many existing online protein information systems process only one protein at a time. Therefore, it is a laborious and time-consuming task for people working on high throughput proteomics projects to gather all relevant information for a large set of proteins under study.
We had such a frustrating experience first-hand when carrying out the annotation work for the rat liver proteome project (Jiang et al., 2004) . As a result, we created a database system called Multi-Protein Survey System (MPSS) to integrate several popular protein information databases including sequence databases SwissProt plus TrEMBL (Boeckmann et al., 2003) , structural database PDB (Deshpande et al., 2005) , protein family databases such as Pfam (Bateman et al., 2004) and InterPro (Mulder et al., 2003) , and also contains many useful references to other databases such as Gene Ontology (Gene Ontology Consortium 2004) and KEGG (Kanehisa, 2004) . We also pre-computed some parameters for each protein, such as iso-electric point (PI), aliphatic index (Ikai, 1980) and grand average of hydropathicity, or GRAVY value (Kyte and Doolittle, 1982) .
USAGE
The MPSS is made for public access as a web application with a very simple user interface. Users may enter a group of protein IDs, entry names, or accession numbers from SwissProt, TrEMBL or GenBank on the submission page. The system will return 4 basic protein information in a tabular view, which includes SwissProt annotations such as keywords, cellular location and function, and pre-computed molecular weight, PI, aliphatic index and GRAVY value. The various IDs on the result page are also externally linked to their origin, such as SwissProt, where user can get a detailed view.
Users can also go to "Domain Information", "Gene Ontology", "Pathway" and "3D
Structure" pages to obtain the respective result for the same set of protein IDs. "Save As …" links on each page allows the user to save the result to a local file in tab-delimited format that may then be imported into a spreadsheet program such as Microsoft Excel for further analysis or reporting. On the Gene Ontology result page, the "Tree View" link shows the functional distribution of the set of proteins at a glance. The
Pathway result contains links leading to a pictorial view highlighting the location of the query protein in the pathway.
The MPSS application also provides a convenient way for user to study homologues. Blast results can be pasted directly into the submission text box, and IDs after the ">" in blast output are selected automatically. If a researcher is examining a new sequence without any known public identifier, they are advised to blast the new sequence against a suitable resource (e.g., GenBank "nr" dataset, Benson et al 2004) to find a set of homologous proteins. This can be done locally or on the web. Many public websites provide such facilities including NCBI, EBI or the SRS installation at our website http://www.scbit.org/. The resulting section of the blast output containing hit IDs can be pasted into the MPSS submission page. This approach can give users a set of comprehensive annotations relevant to the query sequence.
APPLICATION DESIGN
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The architecture of MPSS is shown in Fig. 1 Together, these protein sequence entries are involved in 10,000 pathways from KEGG and are linked to over 6,190 protein families, 7,000 domains from Pfam, and 21,000 3D structures from PDB. In addition, MPSS also provides access to the pathway information in KEGG, which is useful for mapping relationship amongst a whole system of proteins and is especially valuable for those who are interested in the signal transduction networks. 3D protein structures, if available in the PDB, can be obtained easily from MPSS. Users can also view the protein classification information based on gene ontology and even map proteins onto the GO tree.
MPSS collects and integrates
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DISCUSSION AND FUTURE WORK
MPSS provides a novel information service concept that emphasizes fast and flexible access to comprehensive protein information. It integrates rich data from widely used protein-related databases including SwissProt, TrEMBL, InterPro and PDB with links to GO and KEGG. People working on proteomics and microarray studies, may benefit from this flexible batch-processing approach of MPSS by allowing them to spend more time on addressing interesting biological questions. For instance, during the rat proteomics project (Jiang et al., 2004) , we identified a large set of proteins and relied on MPSS to retrieve most up-to-date annotations from public domain databases.
Given the rapid advancement in biological sciences, the abilities to integrate new data types and to adapt to new data formats are necessary for the success of an information service system. The simple internal database structure of MPSS makes it simple to incorporate additional protein information in the future. As a result, users will have increasing amounts of valuable information at their fingertips through MPSS.
Future work will be focused on customizing the service for different users. For example, researchers who are interested in signal transduction would like to see more information about the relationship among proteins together with some functional information, while those in protein engineering might be happy to get the very detailed information of the whole structure along with the exact properties of 20 amino acids.
We believe that this new approach to obtaining molecular information will become increasingly prevalent due to the increasing volume and complexity of data involved in bench work. Thus, our ultimate goal is to turn MPSS into a fully automatic pipeline for researchers to retrieve protein information. 
